The ultraviolet spectrum of Arcturus has been observed at high resolution ( ~ 0.2 Á) with the IUE satellite.
I. introduction
The International Ultraviolet Explorer {IUE) satellite is an effective tool for studying the ultraviolet spectra of late-type stars (see, e.g., Carpenter and Wing 1979; Dupree etal. 1979; and Chapman 1981) . The body of IUE data on stars cooler than the Sun is substantial and rapidly growing, and the analysis of these observations would be greatly facilitated if a well-studied standard late-type ultraviolet spectrum were available for comparison. It was with this in mind that we undertook the study presented here.
The choice of the K2 IIIp giant Arcturus (a Boo) as a standard for IUE spectra is motivated by two considerations. First, it is sufficiently bright that the photospheric continuum can be recorded down to relatively short wavelengths ( ~ 2500 Â) with a reasonable exposure time ( ~ 40 minutes) in the high-resolution mode. It is therefore possible to study the ultraviolet absorption-line spectrum, in addition to the more easily observed chromospheric emission lines which are seen throughout the ultraviolet. Second, there is precedent for the use of Arcturus as a spectroscopic standard. Spectral tracings have been published for the visible (Griffin 1968 ) and nearultraviolet (Stencel and van der Hucht 1978; Griffin and Griffin 1979) regions of the spectrum, and line identifications have been presented for the ranges 11407-25129 A (Montgomery etal. 1969) , 8875-11200 Á (Griffin 1964) , 4119-6743 Á (Hacker 1936 ), 3150-3950 À (Shaw 1936 , and 2736-3303 Á (Stencel and van der Hucht 1978) . The farultraviolet spectrum, below 2000 À, has been observed with 1 Guest Observer with the International Ultraviolet Explorer satelhte. IUE both at low resolution (Linsky and Haisch 1979; Ayres, Marstad, and Linsky 1981; Ayres, Moos, and Linsky 1981) and at high resolution (Ayres, Simon, and Linsky 1982) . Finally, the IUE spectrum of Arcturus from 2500 to 3230 A has been presented in atlas form by Wing, Carpenter, and Wahlgren (1983) , where it is compared to the spectra of 12 other late-type stars.
In this paper, we concentrate on the 2250-2930 Á region. For this wavelength range we present line identifications, mean absolute "continuum" fluxes for each IUE order, integrated absolute fluxes for many of the emission features, and widths and contrasts of selected strong absorption features. Emission-line identifications in the 1150-2000 Á region are also given.
II. OBSERVATIONS a ) Inventory of IUE Spectra of A returns
We have obtained several spectra of a Boo with the IUE satellite. In the long-wavelength (1900-3230 Á) region, the spectra are high-resolution (0.2 Á) echellograms obtained with a variety of exposure times. In the short-wavelength (1150-2000 A) region we made two observations at low (6 À) resolution and one at high resolution. The large entrance aperture was used in all cases. Details of these exposures are given in Table 1 . A description of the IUE spectrographs and data acquisition system has been published by Boggess et al. (1978) .
The 40 minute exposure time of our first observation in the long-wavelength region (LWR 3741) was chosen to provide optimum exposure just shortward of the range covered by the 405 406 CARPENTER, WING, AND STENCEL Stencel and van der Hucht (1978) . As a consequence, since the ultraviolet continuum of a Boo is extremely steep, the longward end of the image is greatly overexposed. Exposures of 10 and 5 minutes were subsequently obtained so that the region of overlap with the balloon spectrum would be recorded without overexposure. Two further 40 minute exposures, duphcating LWR 3741, have also been secured to look for temporal changes in chromospheric emission-line strength and velocity structure. Exposures considerably longer than 40 minutes would be valuable for studying the spectrum shortward of 2500 Á but unfortunately cannot be made because of the possibility that the bright end of the spectrum would cause permanent damage to the detector.
b) The Spectrum in the Long-Wavelength Region A composite spectrum of the long-wavelength region, showing the first 40 minute exposure from 2250 to 2750 Á and the 10 minute exposure from 2750 to 3230 À, is presented in Figure 1 . The spectrum is plotted on a linear scale, in instrumental IUE Flux Units divided by the exposure time. Since the spectrum has a strong intensity gradient, several scale changes, noted in the caption, were needed to display it optimally. Longward of 2900 Â there are a number of saturated pixels in the 10 minute exposure, but a comparison with the 5 minute exposure shows that they do not affect the derived intensities significantly. The tracing represents the net ripplecorrected spectrum as recorded on the Guest Observer's magnetic tape, except that the CUTMERGE algorithm, given in Tumrose and Harvel (1979) , has been used to truncate the echelle orders to eliminate overlap while retaining the more reliable datum at each wavelength. The reader is cautioned that the use of this truncation technique occasionally causes a discontinuity at the beginning of an order (the positions of which are indicated by the light numerals in the upper portion of each strip). Since there is a noticeable difference in the wavelength scales of the two exposures (caused by the satellite's motion and perhaps also by changes in reduction procedure), we have adopted the scale of the 40 minute exposure for the presentation of Figure 1 . A shift of -0.4 A was applied to the wavelengths in the shorter exposure to align the features in the two spectra.
Spectra expressed on the instrumental system of the detector, such as the one shown in Figure 1 , are satisfactory for many purposes but do not allow the computation of absolute integrated emission-line fluxes or the determination of the star's absolute energy distribution. For these purposes, we require a calibration of the IUE flux numbers obtained in the high-dispersion mode in terms of the actual absolute flux, and we have adopted the calibration derived by Cassatella, Ponz, and Selvelli (1981) . These authors have defined a factor C x = n x /N x as the ratio, at a given wavelength, of the slit-integrated net IUE flux numbers per unit time from low-resolution spectra (n x ) to similarly derived numbers from high-resolution spectra (N x ). Thus, if S x l is the inverse sensitivity function for IUE low-resolution spectra (see Bohlin et al. 1980) , then is the inverse sensitivity function for high-resolution spectra. The absolute flux in ergs cm -2 s _1 A -1 is n x S x l for low-resolution spectra and N x C x S x l for high-resolution data. Cassatella, Ponz, and Selvelli (1981) determined the factor C x from pairs of low-and high-dispersion spectra of the same object, after degrading the resolution of the high-resolution spectra to match that of the low-resolution data. For the LWR camera Cassatella etal. found that the linear relation C A =167.099 -0.0229 X is valid for emissionline spectra in the 2300-3100 A region and for continuous spectra longward of 2500 Á. The spectrum is plotted on a linear (but not absolutely calibrated) intensity scale, with the horizontal line indicating zero intensity. Scale changes of factors of 2 occur at the beginnings of strips marked with filled triangles; full scale corresponds to 1.25, 2.5, 5, 10, and 20x10^ WE flux units per minute in the various segments (in order of increasing wavelength). In (<7), dashed lines indicate missing data at the ends of echelle orders. The order numbers are given at the beginning of each order as light numerals at the tops of the strips.
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Our echellograms in the long-wavelength region show a strongly line-blanketed photospheric continuum, interrupted occasionally by bright chromospheric emission lines, from 3230 A down to -2500 À. This same composite spectrum is shown on a larger scale from 2500 to 3230 Á in the atlas of Wing, Carpenter, and Wahlgren (1983) . Below 2500 Á the spectrum consists almost solely of chromospheric emission lines, most of which can readily be identified with Fe n.
A comparison with the BUSS spectrum published by Stencel and van der Hucht (1978) shows that the IUE spectra are less noisy and define a more realistic continuum below -2900 Á. Longward of 2870 Á, up to the end of the IUE spectra at 3230 Á, the agreement between the balloon and satellite spectra is very good, and we conclude that this portion of the Arcturus spectrum is correctly represented in Stencel and van der Hucht (1978) (1979) appear to be valid outside these wavelength limits.
A small region of overlap (3200-3230 A) also exists between the IUE spectra and the ground-based UV spectrum taken by Griffin and Griffin (1979) . Although the resolution is higher in the ground-based spectrum, there appear to be no other significant differences.
The most conspicuous spectral features in Figure 1 particularly evident in the spectrum published by Stencel and van der Hucht (1978) since they used a small vertical scale to keep the emission lines on scale. We are not able to measure intensities for the Mg n emission lines because they are saturated on even our 5 minute exposure.
c) The Spectrum in the Short-Wavelength Region
The deeper of our low-resolution exposures in the shortwavelength region is shown in Figure 2 . Here we have plotted the absolutely calibrated spectrum as provided on the Guest Observer's data tape. Similar low-resolution IUE spectra of Arcturus have been published by Linsky and Haisch (1979) , Ayres, Marstad, and Linsky (1981) , and Ayres, Moos, and Linsky (1981) ; comparisons of these independent exposures are useful in establishing the reality of weak features. Our exposure is the deepest of these, and although the stronger emission lines are saturated, the weaker features are well shown. Essentially all the light in this spectral region is in the form of emission lines, although scattered light raises the No. 2,1985 UV SPECTRUM OF ARCTURUS 411 (Ayres, Moos, and Linsky 1981) are indicated (see also Table 2 ). The sharp dip at 1790 Á is a reseau mark.
background between the lines well above the zero level defined by adjacent regions of the detector. The identifications of the emission features are discussed in § III below.
We have also obtained a high-resolution observation of the short-wavelength region. This 2 hr exposure through the large aperture was much too short to reach the continuum, but it shows the complex profile of the Lya line in a Boo and permits wavelength measurements and definitive identifications for a few of the other strong emission lines. Subsequently a much longer (7 hr) high-resolution exposure of the spectrum of a Boo in the short-wavelength region has been secured by Ayres, Simon, and Linsky (1982) , who compare it to the spectrum of the solar-type dwarf a Cen A.
III. LINE IDENTIFICATIONS
The ultraviolet spectrum of Arcturus will be considered in three parts, according to the material available: (1) the region below 2000 Á, in which our deepest exposures are low-resolution observations of blended emission lines; (2) the region 2000-2500 Á, in which the available observations are at high resolution but are underexposed, so that only the stronger emission lines were recorded; and (3) the region 2500-2930 Á, in which we are dealing primarily with the complex photospheric absorption-line spectrum, with superposed chromospheric emission lines. We do not discuss the region longward of 2930 Á, which has been studied satisfactorily by Stencel and van der Hucht (1978) .
a) The Region 1150-2000 À Of our three SWP exposures, the one showing the largest number of emission lines is the 2 hr, low-resolution exposure illustrated in Figure 2 . Our proposed identifications of these fines are given in Table 2 . At this resolution, most of the measurable features are blends of several fines, and our determination of the most important contributor(s) to each blend is based primarily upon the relative intensities given in An Ultraviolet Multiplet Table (Moore 1950 (Moore , 1962 and the Selected Tables of Atomic Spectra (Moore 1965 (Moore , 1967 (Moore , 1970 (Moore , 1971 (Moore , 1972 (Moore , 1975 (Moore , 1976 (Moore , 1979 . Comparisons of the spectrum of a Boo with those of other late-type stars observed by the authors (particularly ß Gem, a Tau, y Cru, and g Her) were also useful in unraveling the contributors to blends, since all the fines of a given ion tend to be stronger or weaker in a given star. When several fines contribute to an observed feature, they are grouped in Table 2 according to multiplet, with the most important multiplet fisted first. Laboratory wavelengths, with the first two digits omitted, are also given in the identification column.
The three strongest emission features in this region are (1) Ly«, (2) the O I triplet near 1300 A, and (3) the blend near 1815 A. The Lya and O I features were recorded in early rocket observations of a Boo (Moos and Rottman 1972; McKinney, Moos, and Giles 1976; Weinstein, Moos, and Linsky 1977) , and a high-resolution scan of Lya was obtained with the Copernicus satellite (Moos et ai 1974) . The blend near 1815 Á deserves special mention because it is commonly observed in the chromospheric spectra of late-type stars but does not always have the same origin. From high-dispersion work it is known that this feature can be identified with the Si ii doublet \ A1808,1817 in relatively warm stars such as the Sun and Capella (G5 III), but that it is dominated by a triplet of S i in Betelgeuse, a cool M2 lab supergiant (Carpenter and Wing 1979) . Brown and Jordan (1980) found both components present in a Tau (K5 III) and ß Gru (M5 III), the stronger contributor being Si n in a Tau and S i in /? Gru.
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Vol. 57 CARPENTER, WING, AND STENCEL (38) Our high-resolution spectrum SWP 4233 and the one obtained by Ayres, Simon, and Linsky (1982) show that this feature is due almost entirely to the Si n doublet in Arcturus, although the presence of S I is also confirmed by these spectra.
The identifications of weaker emission features in this wavelength region were in an unsatisfactory state for a considerable period of time, as repeated attempts to find a self-consistent set of atomic line identifications failed. For example, in an illustration of the SWP spectrum of a Boo published by Ayres, Marstad, and Linsky (1981) , many of the weaker features are labeled as Fe n, but their relative intensities do not agree well with the laboratory values. This problem was resolved when Ayres, Moos, and Linsky (1981) showed that many of the weaker features can be attributed to fluorescent transitions in the CO molecule which are pumped by emission lines of O I, C I, and H I. The CO features at ÀÀ1340, 1380, 1422, 1507, 1550, 1606, 1716, and 1780 are labeled with tick marks in Figure 2 , and it can be seen that they account for most of the lines which do not have obvious atomic identifications. The great strength of the O I triplet near 1304 A, which serves as the main pump for the CO fluorescence, is itself attributed to fluorescence, the exciting line in that case being Lyß; this mechanism was first pointed out by Bowen (1947) and has been analyzed for the conditions of the outer atmosphere of Arcturus by Haisch ei al. (1977) .
We have not attempted to measure fluxes for the emission lines in the short-wavelength region. Most of the observed features are blends for which flux measurements would not be particularly useful, and the strengths of the weaker lines are sensitive to uncertainties in the background level. The relative strengths of features in this region can, however, be judged quite well from Figure 2 , although the five strongest lines (Lya, O i XI304, C i X1657, Si n XX1808, 1817, and S i XI900) are all affected to some extent by saturation. Integrated fluxes for many of these lines have been measured at high resolution by Ayres, Simon, and Linsky (1982) .
b) The Region 2000-2500 À This spectral region is covered by our five exposures with the LWR camera, all high-resolution echellograms. Since the çhotospheric continuum was not recorded shortward of 2500 Á on any of these exposures, we are dealing here with a pure chromospheric emission-line spectrum.
Line identifications in this region were carried out both with the help of the multiplet tables and also by calculating emission-line strengths theoretically, on the basis of the line list and g/*-values of Kurucz and Peytremann (1975) and physical conditions taken from the chromospheric model of Ayres and Linsky (1975) ; details of these calculations are given in § IIIc below. By either method, the identifications presented tittle difficulty because the great majority of the tines that are clearly present can be identified unambiguously with Fe n.
The results are given in Table 3 . No tines at all were detected with certainty shortward of 2249 A, where the sensitivity of the detector is relatively low, but in the interval 2249-2500 Á, which is shown in Figure la , we find 49 distinct emission features. The notations "bip" and "bln" attached to an observed wavelength indicate that the tine is blended with the preceding tine or next tine on the list, respectively. Laboratory wavelengths, with the first three digits omitted, are given following the multiplet identification. The measured wavelengths are usually within ± 0.1 A and in all cases within + 0.2 A of the laboratory wavelengths.
The only tines in this region that are not attributable to Fe ii are three tines from multiplet (0.01) of C n, three tines of multiplet (0.01) of Si n (one of which is blended with an Fe n tine), and one tine each from Mg il, Ni n, and Co n. The C n tines are particularly interesting because they are intersystem tines whose relative strengths within the multiplet are sensitive to the electron density of the tine-forming region (Stencel etal. 1981) . The Si n tines may also be useful as density diagnostics.
The identification of the feature at 2330.3 Á with a tine of Co n(8) may seem surprising since we have not identified any other Co n lines. In particular, we find no evidence for the other lines of multiplet (8), several of which have similar laboratory intensities and he in the same spectral region. It seems likely, however, that this line is produced by fluorescence . The line Co n(8) \2330.37, which appears in emission, has the same z 5 Di' upper state as \ 2344.29 of the same multiplet, and the latter coincides with the rather strong emission feature \2343.6-2344.2 which we attribute to a blend of Fe n and Si II lines.
The calculated intensities of emission lines in this region are, in most cases, consistent with the observed relative strengths shown in the first panel of Figure 1 . Important exceptions are the lines of multiplet (2) of Fe n which were not found in the observed spectrum, although they are calculated to be among the stronger lines of the 2400-2500 Á region.
Integrated fluxes for the emission lines in this region were measured at JILA on an interactive computer system dedicated to IUE reductions. The integrations were made over the CARPENTER, WING, AND STENGEL base widths specified in the third column of Table 3 in the ripple-corrected spectrum from LWR 3741, which is shown in Figure 1 ; these integrated intensities were then multiplied by the calibration factors C X S^1 tabulated in Table 6 (below) to obtain the absolute fluxes listed in the final column of Table 3. c) The Region 2500-2930 À i) A tomic Lines
In this region our exposures reach the photospheric continuum which, as can be seen in Figure 1 , is very heavily blanketed by absorption lines. Numerous emission lines are also present, although it is sometimes difficult to distinguish true emission lines from gaps between absorption features. The complexity of the spectrum is such that the task of line identification would be lengthy and tedious without the help of an efficient technique. Following a suggestion by S. B. Parsons, we have attacked the problem by creating a set of overlays showing, on the scale of the plots of the observed spectrum, the positions and calculated relative strengths of both photospheric absorption and chromospheric emission lines. These overlays have been demonstrated in a display presentation by Carpenter, Stencel, and Wing (1980) .
The theoretical line strengths were calculated by using semiempirical g/'-values from the line list of Kurucz and Peytremann (1975) The values of E m , E n , and the product g n f nm were taken from the Kurucz and Peytremann line list, while the number density N¿ and partition function B ¿ for the ion i responsible for the line were calculated using the ATLAS (Kurucz 1970 ) model atmosphere subroutine PFSAHA. The temperature, pressure, and electron density needed by PFSAHA were chosen to be representative of the physical environments where the two kinds of lines are formed. The absorption coefficients were calculated assuming physical conditions (T= 4238 K, P = 4300, = 4.22X10 11 , cgs units) characteristic of the optical depth r = 0.8 in a Bell et al. (1976) model atmosphere of a late-type giant with T cii = 4000 K, log g = 1.5. These values of effective temperature and gravity are quite similar to those found for Arcturus (T eff = 4250 K, log g = 1.7) by Johnson etal (1977) . The emission coefficients were computed for physical conditions (T = 8000 K, P = 0.0015, N e = 4.0 X10 8 , cgs units) near the top of the chromosphere in the model for the outer atmosphere of Arcturus given by Ayres and Linsky (1975) . Since the predictions of relative line strengths are not very sensitive to changes in the input values of T, P, and N e , the choice of the particular physical parameters is not crucial to the success of the method.
Abundances of the elements in Arcturus have been reported by Griffin and Griffin (1967) and van Paradijs and Meurs (1974) . These investigations indicate that metals are underabundant by a factor of 3 relative to the Sun, except that the latter paper suggests that Na, Mg, and A1 have smaller deficiencies. Mäckle etal (1975) have confirmed these results with a model-atmosphere spectral analysis. Hence, for relative abundances we have used the Ross and Aller (1976) solar abundances with the metals reduced by a factor of 3, except that we have set log Na, log Mg, and log A1 equal to 6.02, 7.50, and 6.36, respectively, on a scale defined by log H = 12.00.
Agreement between the predicted and observed patterns of line strengths is surprisingly good in view of the simplicity of the technique. The majority of cases where strong absorption Unes are predicted but not seen can be explained by the presence of chromospheric emission lines of Fe u at those wavelengths filling in the photospheric absorption.
The proposed identifications are given in Table 4 . The first column gives the observed wavelength of an absorption line, unless emission is indicated; the abbreviations used are explained at the end of the table. The identification column gives the ion, the multiplet number from Moore (1950 Moore ( , 1962 or Moore (1965 Moore ( , 1967 Moore ( , 1970 Moore ( , 1971 Moore ( , 1972 Moore ( , 1975 Moore ( , 1976 Moore ( , 1979 , and the laboratory wavelength (with the first three digits omitted) of the transition(s) believed responsible for the observed feature. We have not included an indication of line strength in this table, although we occasionally note that a line is weak (wk) or broad (brd) as an aid in associating tabular entries with features visible in Figure 1 , which has been plotted on a sufficiently large scale that all entries in Tables 3 and 4 can be seen. For selected lines we give measured line strengths in Table 5 (below).
Several of the apparent absorption lines in Figure 1 are spurious and have not been listed in Table 4 . Features at the following wavelengths are the result of reseau marks on the detector faceplate and should be ignored: 2580.6, 2642.0, 2698.5, 2809.2, 2871.0, and 2900.8 A When real spectral features are affected by reseau marks, we have indicated this in Table 4 .
Since the line list of Kurucz and Peytremann (1975) includes a large number of lines that have never been recorded in the laboratory, identifications derived using the overlays were considered reliable only if the transitions are also included in the multiplet tables. Question marks (?) follow identifications which, for one reason or another, seem more doubtful than most. When two or more lines are thought to contribute to an observed feature, commas are used to separate contributors of roughly comparable strength, while plus signs ( + ) are used to separate a major contributor (listed first) from a minor one. A question mark following a plus sign ( + ?) indicates that an unknown contributor is probably involved, insofar as the line fisted is not expected to be strong enough to account for the observed feature.
Elements heavier than nickel (A = 28) are poorly represented in the fine fist of Kurucz and Peytremann. We have tried to compensate for this deficiency by carefully checking the multiplet tables for fines of these elements at wavelengths of observed features which do not have satisfactory identifications; however, no plausible identifications of heavy elements resulted from this exercise. 2737  2737  2739  2740  2740  2741  2742  2742  2743  2743  2744  2744  2744  2745  2746  2746  2747  2748  2749  2750  2750  2751  2751  2752  2753  2753  2753,  2754  2755  2755  2756  2757  2757  2758  2758  2759  2759  2760  2760  2761  2762  2762  2763  2763  2764  2764  2764  2765  2765  2766  2766  2767  2768  2768  2769 
Abbreviations used: bln = blended with next feature bip =blended with preceding feature brd = broad em = emission wk = weak b Commas separate lines of comparable strength. Plus signs indicate that the following lines contribute less than the preceding lines to the observed feature. c " -I-?" indicates that additional lines are needed to account for the observed strength of the feature.
Note 1: Feature interpreted as an emission line with central absorption. Note 2: Predicted intensity is much greater than observed.
Line strengths have been measured for the 54 selected absorption lines listed in Table 5 . These lines are distributed quite uniformly with wavelength (several per IUE grating order) from 2500 to 2930 Á. They were selected for measurement on the JILA interactive computer system on the basis of visibility and (usually) symmetrical profile. Since we hope that these measurements will be useful to Space Telescope observers, the lines were chosen so that at least one feature occurs in each echelle order of the ST High Resolution Spectrograph (Leckrone 1980) .
Measuring the true strength of absorption features in this spectrum is a difficult task, primarily because of the lack of a well-defined continuum. The ultraviolet spectrum of Arcturus is so heavily line-blanketed that we do not see the true Vol. 57 418 CARPENTER, WING, AND STENGEL continuum anywhere in the IUE range. Thus, meaningful equivalent width measures are quite out of the question, and we are forced to measure the line strengths in a different manner. We have chosen to represent the line strengths by two measured quantities which we shall call the "width" and "contrast." A "local continuum" for each line is defined using the maximum flux points in its neighborhood; the " width" of the line is then defined to be its full width at half-maximum (FWHM), where "maximum" is identified with the local continuum, and the "contrast" is simply the ratio of the flux at line center to the flux in the local continuum. These quantities are, of course, unavoidably a function of the instrumental resolution.
In Table 5 , the first column indicates the IUE spectral order in which the line occurs. The wavelengths in the second column were measured when the widths and contrasts were measured and thus do not correspond exactly to entries in Table 4 . The measured widths and contrasts are given in columns (3) and (4). The table also gives an indication of the great extent of the wings of the resonance lines XX2795, 2802 of Mg ii and X2852 of Mg i.
ii) Molecular Bands
We have also attempted to identify absorption features produced by molecular bands in the ultraviolet spectrum of Arcturus. It is known from its optical and infrared spectra that a number of molecules have substantial abundances in its photosphere, and it might be anticipated that these or other molecules would produce detectable absorption in the ultraviolet.
It quickly became apparent, however, that the search for molecular bands would not be easy. The ultraviolet spectrum (Fig. 1) is clearly dominated by atomic lines, and we find no features at all which can be labeled molecular purely on the basis of appearance. In fact, strong atomic lines are so numerous as to interfere seriously with the appearance of any broad molecular feature and to obliterate any feature that is not quite deep. Even strong bands with well-defined heads can be difficult to identify in such a spectrum because of the high probability of an even stronger atomic line occurring at the bandhead wavelength. Our approach is simply to look for evidence of absorption near predicted bandhead wavelengths which is not accounted for in terms of the atomic lines identified in Table 4 . The best that we can do is find such excess absorption at the positions of several bands belonging to the same molecular band system. However, in view of the obvious incompleteness of our atomic line identifications, evidence of this type cannot be considered as constituting a positive identification unless the excess absorption is very strong. Our search was concentrated in the 2600-2900 Á interval, in which the stellar continuum was properly exposed on our 40 minute exposures, but the wider interval from 2500 to 3000 A was considered when looking for confirmatory evidence.
The molecules NH, CH, and CN, which are known to be abundant in the atmosphere of a Boo, have no favorable bands in the 2500-3000 A region. Several other abundant molecules-including N 2 , 0 2 , CO, and SiO-have strong ultraviolet band systems, but their principal bands lie shortward of 2500 A, and we have been unable to find evidence for their weaker bands in the region investigated.
The NO molecule, which is probably abundant over a wide range of spectral type but which has never been identified in stellar spectra, has two systems involving the electronic ground state which contribute bands in the 2500-3000 À region: the y(A-X) system and the /?(B-X) system (Pearse and Gaydon 1963, PI. [3] ). Several bands of both systems are possibly present in a Boo, but none is strong. This molecule deserves a more careful study.
Probably our most convincing identification of a molecular feature is that of the (1,0) band of the strong ultraviolet system of OH, which degrades longward from a head at 2811 UV SPECTRUM OF ARCTURUS 419 No. 2,1985 A. A feature at this wavelength is clearly seen in Figure 1 , and we have found no competing atomic identification for it. The (0,0) and (2,1) bands of OH at 3064 and 2875 Á, respectively, which should also be strong (Dieke and Crosswhite 1962) , are probably present in a Boo but are badly interfered with by atomic fines. The identification of OH in a Boo is entirely reasonable: the infrared rotation-vibration transitions of OH (which consist of widely spaced pairs of fines) have been seen at high resolution not only in M stars but also in sunspots (Hall 1973) , and the electronic system in the ultraviolet is intrinsically stronger.
The tabulation of Pearse and Gaydon (1963) was used to search for molecules which could have appreciable abundances in a Boo and which have bands from the ground state in the region covered by our spectra. Although this approach did not lead to any firm identifications, it did produce several interesting possibilities. The sulfides CS and SiS are both relatively stable molecules not previously identified in photospheric spectra, and they each have several bands which coincide with regions of excess absorption. The less stable molecule CIO, whose absorption spectrum is dominated by a strong v" = 0 progression, may also be present in a Boo in that there is excess absorption near the head of every band of this progression from the (11,0) band at 2771 Á to the (16,0) band at 2682 Á (Coxon and Ramsay 1976) . In view of our scanty knowlege of the sulfur and chlorine abundances in late-type stars, further effort should be made to confirm the identifications of these bands. It seems clear, however, that what is needed most is a more complete accounting of the weaker atomic fines which may collectively produce far more absorption than the molecular bands in this region.
IV. ENERGY DISTRIBUTION
We have determined an absolute energy distribution for Arc turns in the ultraviolet with the objective of expressing, in absolute units, the general slope as might be observed by low-resolution spectroscopy or photometry. The results may be of interest for comparisons with model atmosphere calculations and for the calibration of other ultraviolet detector systems.
We have used the (ripple-corrected) 40 minute exposure LWR 3741 for orders 103-85 (roughly 2240-2750 À) and the 10 minute exposure LWR 8727 for orders 84-82 at longer wavelengths. We averaged the central 300 flux numbers Ni in each order and divided by the exposure time to obtain an instrumental flux f x averaged over -20 Á; thus,
The absolute fluxes F x , expressed in ergs cm -2 s _1 A -1 , were then obtained from the relation Fx=kCxSx\ where 1 is the inverse sensitivity function determined by Bohlin et al (1980) for low-resolution spectra and C x is a factor defined by Cassatella, Ponz, and Selvelfi (1981) to convert this function into one appropriate for high-resolution observations.
The results are given in Table 6 where, for each echelle order, the successive columns give the central wavelength of the flux measurement, the width in angstroms corresponding to the 300 data points, the instrumental flux / x of Arcturus, the calibration factor C x S x l , and the absolute flux F x for Arcturus.
The uncertainties in the absolute fluxes found for Arcturus include the errors in the rocket calibration of standard stars (Bless, Code, and Fairchild 1976) , which appear to be in the range 5%-10%, as well as variations in the IUE system response. The study by Schiffer (1982) indicates that the sensitivity of the LWR camera changed by less than 5% at all wavelengths over the period 1978-1980 when our data were taken, and that contemporaneous repeat exposures are photometrically similar to -3.5% (1 a). Thus, the uncertainties in the derived absolute fluxes of Arcturus, in regions where the spectrum was well exposed, are probably no more than 20%. Below 2500 A, where the spectrum is very weak, the uncertainties are larger because the measured fluxes are sensitive to the background corrections used.
The absolute fluxes of Arcturus are plotted against wavelength in Figure 3 . The nearly linear relation between absolute flux and wavelength longward of -2400 Á is rather surprising in view of the complexity of the spectrum. Below 2400 À, as a result of the changeover to a chromospheric emission-fine spectrum, the fluxes show no systematic dependence on wavelength.
Determinations of the absolute flux of Arcturus by the OAO 2 and ANS (Koomneff et al. 1979) satellites are also shown in Figure 3 . Apart from the region around 2800 Á, where the strong Mg u emission fines affect the OA O 2 data but were excluded from our sums, the agreement is entirely satisfactory.
v. DISCUSSION
The spectrum of Arcturus in the ultraviolet consists of a chromospheric emission-fine spectrum superposed upon a complex absorption-fine spectrum produced in the star's photosphere. The photospheric component dominates longward of -2500 Á, although emission fines can be seen throughout the ultraviolet.
Nearly all the emission fines seen at high resolution lon^-ward of 2250 A and at low resolution shortward of 2000 A have been satisfactorily identified with permitted transitions in neutral and singly ionized atoms. The indicated temperature of the chromosphere, probably in the range 8000-10,000 K, is approximately double the star's effective temperature of 4375 K (Frisk et al. 1982) . No fines from multiply ionized atoms have been found in the spectrum of Arcturus, either in this study or in the work of Ayres, Simon, and Linsky (1982) , who examined the spectrum below 2000 À at high resolution. Thus, Arcturus seems to lack the coronae and transition regions that characterize warmer giants and main-sequence stars.
Several of the observed emission fines appear to be useful diagnostics of chromospheric conditions. It has been shown that fine ratios within the C il intercombination multiplet near 2325 Á can be used to evaluate the electron density of the emitting region (Stencel et al. 1981) , and the relative strengths of S i and Si u fines in the short-wavelength region are (Carpenter and Wing 1979; Brown and Jordan 1980) . The appearance of both S I and Si n lines in the spectrum of Arcturus indicates that its chromosphere is intermediate in temperature to those of G and early K giants (which show primarily Si n) and late K and M giants (which show primarily S i). Thus Arcturus obeys a trend by which the chromospheric temperature, as indicated by the Si n/S I ratio, is roughly proportional to the effective temperature. The strongest chromospheric emission features are lines of Mg il, Al il, Si il, O I, and C i. The list of identifications, however, is dominated by the Fe n ion, which accounts for -86% of the emission lines in the 2250-2930 Á region. Other ions which are clearly represented in the chromospheric spectrum are C n, S i, Mg i, and Fe I, while Mn n, Cr n, Co n, and Ni il appear to be weakly present.
It is likely that many moderately strong emission fines are lost in the bright photospheric continuum longward of 2800 A. Such fines are more clearly seen in spectra of cooler stars in which the continuum does not dominate until longer wavelengths (Wing, Carpenter, and Wahlgren 1983) . Identifications of such fines in LWR spectra of the M3 giant y Cru are discussed by Wing (1978) and Carpenter (1984) .
The large number of Fe n emission fines above 2200 Á allows us to compare their observed and predicted relative fine strengths. The agreement is quite good for most multiplets but, as we noted in § IIIZ?, we were unable to identify the fines of multiplet (UV 2), which were predicted to be among the stronger fines of the 2400 Á region. The fines of (UV 33), which has the same upper level as (UV 2), are also unexpectedly weak. Evidently this upper level is underpopulated, although we can offer no explanation for this effect.
Several ions are represented in the emission-fine spectrum solely as a result of fluorescence processes. The Fe i (UV 44) fines at 2823 and 2844 A are pumped by the Mg n k fine at 2795 Á, while the Co n(8) fine at 2330 À is pumped by a blend of Fe II and Si n emission at 2344 A . Finally, Ayres, Moos, and Linsky (1981) have attributed an extensive set of relatively weak features in the 1300-1800 Á region to fluorescent pumping of CO molecules by strong emission fines of O i, C i, and H i. The occurrence of these fluorescence processes indicates the presence of a region of cool, low-density plasma in which radiative processes dominate over colfisional excitation.
Our identifications of photospheric absorption fines in the 2500-2930 À spectral region of Arcturus (Table 4) complement the study by Stencel and van der Hucht (1978) , who fisted absorption fines in the 2736-3303 A interval on the basis of high-resolution BUSS spectra. Since the quality of the BUSS spectra degrades rapidly below -2870 Á, the present study extends the wavelength coverage by nearly 400 Á.
In tabulating these fine identifications, we have not just compiled a fist of all near coincidences between laboratory fines and observed features; rather, we have fisted only those fines which we believe may actually contribute to each feature. These judgments are based on theoretical predictions of relative fine strengths and the completeness of each multiplets representation in the spectrum, as well as on the agreement of observed and laboratory wavelengths, which is generally within about ±0.1 A. We therefore believe that our identifications are quite secure, except as indicated in the table.
Neutral iron accounts for -43% of the identified absorption features in this spectral region. The remaining features are attributed to a wide variety of species. We have identified fines definitely due to Al i, Co I, Cr I, Cr n, Cu i, Fe i, Ge i, Mg I, Mn il, Mo il, Ni I, OH, Si I, Si n, Ti I, Ti il, V I, V n, and Zr n; fines probably due to Mn I, Ni n, and Nb n; and fines possibly due to Ca i and Sn i. The identifications of the observed absorption features are not as complete as the identifications of emission fines, but we have successfully identified -85% of the features to our satisfaction. Lines which do not have satisfactory explanations are, for the most part, the weaker ones. Important exceptions are the relatively strong unidentified absorption fines at 2627. 2,2643.2,2654.1, 2683.85, 2691.8,2729.4,2748.15,2778.75,2816.5,2861.8,2871.9,2885.8, 2890.4, 2898.1, and 2900.3 À. It is unfortunately quite clear that, despite their large numbers, the identifications made here account for only a small fraction of the actual absorption which occurs in this spectral region. Much further work will be required to understand the origins of this opacity. Nevertheless, we hope that the spectra and fine fists presented here will be useful not only in studies of Arcturus itself but also as a standard of comparison in investigations of other stars cooler than the Sun.
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